Sr 2 IrO 4 is a spin-orbit coupled insulator with an antiferromagnetic (AFM) transition at T N =240 K. We report results of a comprehensive study of single-crystal 
I. Introduction
. XANES and XAFS data were collected in fluorescence geometry due to the low Tb content. A 4-element, energy resolving silicon drift diode detector was used to measure the intensity of the Tb Lα α emission as the x-ray energy was scanned through the Tb Lα absorption edge. Data were corrected for detector dead time. The reference compounds were in powder form while the Tb doped samples were single crystals oriented in such a way that the electric field of the linearly polarized x-rays was in the IrO 2 plane of the tetragonal Sr 2 IrO 4 structure. XAFS data were collected to 13 Å -1 using the same fluorescence geometry. XAFS fits were done using theoretical standards computed with the FEFF6.0 code [29] . Prior to fittings, simulations of XAFS data were done by placing Tb atoms at either Ir or Sr sites of the Sr 2 IrO 4 lattice to determine that Tb occupies Ir sites.
The neutron diffraction was carried out at Oak Ridge National Laboratory using Elastic Diffuse Scattering Spectrometer (CORELLI) at Spallation Neutron Source as well as triple-axis spectrometers HB1 and HB1A at High Flux Isotope Reactor. CORELLI uses a semi-white beam with incident neutron energy ranging from 10 to 200 meV whereas the triple-axis spectrometers HB1 and HB1A utilize an incident energy 13.50 and 14.64 meV, respectively. The temperature control was achieved via a closed cycle refrigerator.
III. Results and Discussion
Rare earth ions are nominally trivalent but there are a number of exceptions, and We have based our conclusion that Tb dopants occupy Ir sites on the results of simulations of Tb XAFS data using FEFF6.0 theoretical standards (Fig. 2) (Fig.3) . The initial decrease in the unit cell volume V is unusual but it is followed by a sudden increase in V at x=0.03, which is anticipated by the increased bonding distances of Tb (Fig.3a) . Similarly, the c/a ratio decreases initially and then rises at x=0.03, roughly tracking the changes in V. Hence, the variation of V=(c/a)a 3 with x is predominantly driven by (c/a), i. Such a strong 5d-4f interaction also effectively affects the magnetic anisotropy and ordered moment at low temperatures, and this is evidenced in the isothermal magnetization M(T, H) ( The spiral order along the c-axis agrees with the stronger M c at x=0.03 (Fig. 5b) and is therefore the more likely scenario. It is likely that the magnetic moment of Tb ions, which tends to polarize the magnetic moment of surrounding Ir ions along with it, is ferromagnetically aligned along the c-axis or forms magnetic polarons. Generally, a c-axis alignment is more energetically favorable when the tetragonal crystal field effect (CFE) is enhanced [14] , and specifically, the significantly increased c/a ratio in x=0.03 (Fig.3b) inevitably strengthens the tetragonal CEF, thus favors the c-axis alignment for the Ir moments. In addition, the Hund's rule coupling is also enhanced on the Tb sites, further increasing the tendency of a FM interaction along the c-axis. A strong competition between the in-plane AFM (due to Ir 5d electrons) and out of plane FM (due to Tb 4f electrons) interactions thus accounts for the disappearance of the canted AFM state in x=0.03.
The a-axis and c-axis electrical resistivity, ρ a (T) and ρ c (T), systematically reduce with x.
ρ a (T) decreases by nearly four orders of magnitude at low temperatures from ~ 10 6 Ω cm at x=0 to ~ 10 2 Ω cm at x=0.03, as shown in Figs.7a and 7b . The reduction of ρ a (T) and ρ c (T) may be a result of the increased Ir-O-Ir bond angle θ, which makes electron hopping more energetically favorable. However, the insulating state remains at x=0.03 with both dρ a /dT and dρ c /dT < 0.
Indeed, the ratio of ρ(2K)/ρ(300K) for ρ a (T) merely drops by one order of magnitude, from ~ 10 
IV. Summary
A phase diagram is constructed based on the results presented above, as shown in Fig.8c 
